Key indicators: single-crystal X-ray study; T = 293 K; mean () = 0.000 Å; H-atom completeness 0%; disorder in main residue; R factor = 0.032; wR factor = 0.086; data-to-parameter ratio = 13.1.
Related literature
For background to the mixite mineral group, see: Dietrich et al. (1969) ; Hess (1983) ; Aruga & Nakai (1985) ; Mereiter & Preisinger (1986) ; Olmi et al. (1988) ; Miletich et al. (1997) ; Kunov et al. (2002) ; Frost et al. (2005) ; Sejkora et al. (2005) ; Plá šil et al. (2009) . For research on the sorption of toxic chemicals by minerals, see: Leone et al. (2013) . For information on mineral nomenclature, see : Hatert & Burke (2008) .
Experimental
Crystal data 
À3
Data collection: APEX2 (Bruker, 2004 ); cell refinement: SAINT (Bruker, 2004) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XtalDraw (Downs & Hall-Wallace, 2003) ; software used to prepare material for publication: publCIF (Westrip, 2010).
Comment
Minerals of the mixite group crystallize in the mixite-structure type in space group P6 3 /m and with Z = 2. Minerals of this and other groups, where the crystal structures exhibit channels (occupied by lattice water molecules), are of particular industrial and environmental interest due to their potential applications in the sorption of toxic chemicals (Leone et al., 2013) and as catalysts (Miletich et al., 1997; Frost et al., 2005 Due to its small crystal size and acicular habit, only the crystal structures of agardite-(Ce) (Hess, 1983) , mixite (Mereiter & Preisinger, 1986; Miletich et al., 1997) and zálesíite (Aruga & Nakai, 1985) have been reported thus far.
Notably, Aruga & Nakai (1985) (Sejkora et al., 2005) , the sample studied by Aruga and Nakai (1985) should be called zálesíite (Hatert & Burke, 2008) .
Agardite-(Y) was first described from the oxidation zone of the Bou-Skour copper deposit in Jebel Sahro, Morocco (Dietrich et al., 1969) . It has since been found in many other localities, including Germany, England, Spain, France, U.S. (Dietrich et al., 1969) , Italy (Olmi et al., 1988 ), Czech Republic (Plášil et al., 2009 and Bulgaria (Kunov et al., 2002) . In these studies, unit-cell parameters were presented, but no details of the crystal structure. Amid identification of minerals for the RRUFF project (http://rruff.info/R070649), we detected sprays of relatively large, well-crystalized, acicular agardite-(Y) from the Jote West mine, Pampa Larga Mining District, Copiapo, Chile (Fig. 1) . Thereby, this study represents the first crystal structure determination of agardite-(Y), by means of single-crystal X-ray diffraction.
The structure of agardite-(Y) consists of infinite chains of edge-sharing CuO 5 square-pyramids (site symmetry 1) extending down the c-axis, connected in the ab-plane by edge-sharing, YO 9 -polyhedra (site symmetry 6..) and cornersharing AsO 4 -tetrahedra (site symmetry m..) (Fig. 2) . Hydroxyl groups (OH4 & OH5) occupy each corner of the CuO 5 -polyhedra not shared by a neighboring As or Y atom. Based on bond valance calculations, OH4 (bond valance sum = 1.07 valence units (v.u.)) donates a hydrogen bond to O1 (bond valance sum = 1.93 v.u.), at the apex of the CuO 5 -polyhedron, while also accepting a hydrogen bond from OH5 (bond valance sum = 1.26 v.u.). Each YO 9 -polyhedron is surrounded by three tubular channels (Fig. 3) . The walls of the channels, parallel to the c-axis, are 6-membered, hexagonal rings comprised of CuO 5 -and AsO 4 -polyhedra in a ratio of 2:1, respectively, and contain free molecules of lattice water. The water positions form a ring inside the channel, similar to the 2.7 Å radius ring reported by Hess (1983) and the five water sites reported by Miletich et al. (1997) . In our model of agardite-(Y), we defined two distinct water sites, OW1 and OW2, although there are many statistically possible locations. OW1 is positioned as a 2.93 Å radius ring inside the channel and OW2 is situated at the center of the channel. This sample's Raman spectrum (Fig. 4) , and protruding from it are two small bands signifying two OH modes.
Previous studies have utilized thermogravimetric analysis to examine the nature of both the lattice water and the Hydroxyl groups in synthetic mixite-group minerals (Miletich et al., 1997; Frost et al., 2005) . In both studies, ~3 lattice (channel) H 2 O molecules were driven off when samples were heated to 373 K, and dehydroxylation was observed when temperatures reached 523 K. Mixite structural decomposition occurs upon the loss of the hydroxyl groups, which is made evident by the inability to rehydrate samples heated above the 523 K level (Miletich et al., 1997) . Previously, the lattice water was thought to also contribute to the stability of the mixite-group crystal structure; however, Miletich et al. (1997) showed a very low value of activation energy for dehydration in mixite, indicating that the water molecules are not bonded to any cation. Our findings support the hypothesis that such water molecules are not involved in bonding; Cu-OW bond lengths are >3.5 Å and bond valance calculations show Cu (valence sum = 2.11 v.u.) and As (valence sum = 5.19 v.u.) to be fully bonded. Therefore, it appears that lattice water is not essential to the stability of the agardite-(Y) crystal structure.
Experimental
The agardite-(Y) specimen used in this study was from the 
Refinement
Due to similar X-ray scattering power, all REE were treated as Y. Y and Ca were allowed to share the A-site and their abundances were refined under consideration of full occupancy. Additionally, As and P were allowed to share the T-site and their abundances were also constrained under consideration of full occupancy. The occupancy of the Cu site was refined freely, revealing a slight underoccupation of 0.950 (9). Various models were attempted in refining the lattice water positions, including split-site models. However, the refinement adopted here is the only one that converged. The exceptionally large isotropic displacement parameters for OW1 and OW2 are expected because these site represent essentially free molecules in a large channel. The total number of O atoms for the two water sites was constrained to 6. H atoms could not be assigned reliably and were excluded from refinement. The highest residual peak in the difference Fourier maps was located at (0, 0, 0.5), 0.00 Å from OW2, and the deepest hole at (0.4927, 0.8006, 0.3668), 0.91 Å from As.
Computing details
Data collection: APEX2 (Bruker, 2004 ); cell refinement: SAINT (Bruker, 2004) ; data reduction: SAINT (Bruker, 2004 
